In a naturally deposited soil foundation subject to embankment loading, a delayed settlement can often be observed after the embankment's completion, sometimes also showing acceleration over time. Frequently in such cases the soil exhibits an increase rather than a dissipation of excess pore pressure in some of its parts, a phenomenon which cannot be explained by conventional elasto-plastic consolidation theory. In this paper the possible mechanism for this kind of delayed settlement is investigated numerically using a soil-water coupled elasto-plastic computation under plane strain conditions. It is assumed that the soil section contains a medium dense sand layer and highly structured clay layers. A Super /subloading Yield Surface Cam-clay model is used to describe the elasto-plastic behavior of both the sand and the clay with respect to soil structure, overconsolidation and anisotropy. It is found that the delayed settlement behavior occurs under a certain constant embankment load, and persists over a period of 40 years, with increases in the settlement rate accompanied by both dissipation and a rise in excess pore pressure. The cause of this is the softening that co-occurs with the plastic compression of the soil skeleton. In other words, consolidation settlement can be considered as an example of "progressive consolidation with decay of structure". Some typical characteristics of this delayed settlement behavior are also numerically examined with reference to the height and weight of the embankment, and to soil improvements using sand drains. When the embankment is much lower, the foundation does not undergo delayed consolidation, and when it is higher, the foundation becomes subject to circular slip failure. Soil improvement with sand drains can effectively shorten the length of time up to final settlement.
INTRODUCTION
This seems to throw doubt on the whole principle that "consolidation settlement is due to the dissipation of excess pore pressure". Thus, such settlement behavior is very difficult to explain in terms of conventional consolidation theory using an elastic and/or elasto-plastic constitutive model that assume only a behavior of hardening. The delayed settlement behavior is also sometimes explained using viscid or visco-plastic models. This kind of model, however, cannot account for the delay mechanism because the delay effect needs to be built into the model from the first, as an inherent property of the clay. Asaoka et al. (2000b) and Noda et al. (2004) showed that this delayed behavior in highly structured clays such as naturally deposited clay can be demonstrated under one-dimensional deformation conditions in oedometer tests as the solution of a soil-water coupled initial value and boundary value problem using an elasto-plastic constitutive model of clay, and can be attributed to the decay of soil structure which sometimes results in softening accompanying plastic compression. It should be noted that the elasto-plastic model, the Super / subloading Yield Surface Cam-clay model does not treat the movement of soil particles on a microscopic scale, but i) Associate Professor , Department of Civil Engineering, Nagoya University, Chikusa, Nagoya 464-8603, Japan (noda@soil.genv.nagoyau.ac.jp).
ii) Professor , ditto. iii) Assistant Professor , ditto. instead is able to describe the structural decay of the active soil skeleton, the loss /increase of overconsolidation and changes of anisotropy in naturally deposited soil from a macroscopic or phenomenological point of view, thus allowing a description of the mechanical behaviors of clay and sand within the same theoretical framework. The key formulations of the model are summarized in APPENDIX A, but for more details see Asaoka et al. (2000a Asaoka et al. ( , 2002 . The computation is also made on the assumption of a soil-water coupled finite-deformation regime and based on a finite element method (Asaoka et al., 1994) .
In the present paper, the delayed settlement behavior of a naturally deposited soil foundation due to embankment loading is investigated numerically using the same analytical procedures, but under multi-dimensional, especially two-dimensional plane strain conditions. The foundation is assumed to consist of medium dense sand and structured clay layers on the model of the in-situ soil composition at the Kanda site on the Joban Expressway as explained in the next chapter and, for the investigation of the delayed settlement mechanism, structured clays with two different initial degrees of structure are assumed. The elasto-plastic parameters of the clay and the evolution parameters of the soil skeleton structures are determined with reference to laboratory tests on clay samples and initial longitudinal distribution of the void ratios in the clay. The sand, on the other hand, is simply assumed to be dense, because no relevant tests results were available.
A number of typical characteristics of delayed settlement behavior are also examined with respect to the effects of the height and weight of the embankment and soil permeability improvements achieved through the use of sand drains.
OBSERVED DELAYED SETTLEMENT
An Actual Example of Delayed Major Settlement Figure 1 shows time-settlement behaviors due to embankment loading on an alluvial clay foundation at the Kanda site on the Joban Expressway. The settlement measurements were taken under the center of the embankments, but as they were interrupted and then restarted the observed data contain a gap, as indicated by the dotted lines. The dotted lines were hypothetically drawn by extrapolating from the observed data on either side. The series of circles in the figure shows an example of long-term settlement.
The embankment loading ("embankment A") was applied at point A in Fig. 2 , without soil improvement, after preloading and removal of the overlaid load. The soil profile in the lower part of the embankment foundation can be seen in Fig. 2 which represents the longitudinal profile along the expressway. A 7-8 m thick layer of sand (As2) rests on top of a 15-18 m thick base of soft alluvial clay (Ac2). The Ac2 layer is an almost homogeneous marine clay with a high natural water content (wu = 70-110%), a comparatively high unconfined shear strength (qu = 80-120 kN/m2) and a low permeability (k= 10-7-10' cm/s). As2 is a layer of medium dense sand with an N-value of 10-30. As shown in Fig. 1 , consolidation settlement has been occurring continuously over the 20 years since the embankment's completion, and has not yet come to a complete stop. The residual settlement during this period has already amounted to over 2 m. In fact, the settlement problem at this site has been so serious as to require repeated overlays of asphalt in order to keep the embankment height at 8.3-8.4 m above G.L. The thickness of overlay on this part of the embankment since its original completion is now about 1.25 m, as a result of which the overall load is around 14% larger than at the time of construction. The times when the asphalt overlays were carried out are indicated by the arrows in Fig. 1 . An accelerated rate of settlement which has occurred during constant load application irrespective of the overlays can be observed in the circled zone. This shows that the timesettlement curve is not completely smooth even under a constant load application. In addition, as shown in Fig. 3 , a rise in pore pressure was also observed when consolidation settlement was in progress under a constant load application. Because the rise in pore pressure in Ac2 layer does not occur uniformly from the bottom to the top, the rise is thought to be unaffected by long term and wide range climate change due, for example, to rainfall. These facts suggest that the behavior cannot be satisfactorily explained by conventional consolidation theory.
In contrast, the series of black squares in Fig. 1 shows an example of an embankment foundation subject to no long-term consolidation problem ("embankment B"). This was constructed at point B in Fig. 2 , the center of which is located 200 m away from the center of embankment A. The embankment at this point was constructed after soil improvements by means of sand drains, in order to assess the improvement effects. As seen in Fig. 1 , the settlement was brought to a stop by the sand drains although it had previously been considerable.
CHARACTERISTICS OF HIGHLY STRUCTURED CLAY
Oedometer Tests and Undrained Triaxial Compression Tests on the Clay Figure 4 shows the results of oedometer tests on clay materials sampled near /at the mid-depth of the alluvial clay layer (Ac2). Clay sample (1)is a material which was taken before the embankment's construction. Sample D was taken from a point 6.4 m away from the toe of the slope 23 years after the embankment's completion. Sample C was taken from under the top of the slope 21 years after completion. The one-dimensional normal consolidation line (NCL) for a thoroughly remolded clay is also included in the figure. The sampled clays are all highly structured since they have higher void ratios than the remolded clay from the same levels. Also, clay (1), which is the least disturbed by the embankment loading, is more bulky and highly structured than the others. As will be shown later, this numbering (1),(2),(3) does indeed reflect the order of bulkiness. In the course of the tests, all the samples approached the NCL while the decay of structure continued to proceed.
The circles in Fig. 5 show the results of undrained triaxial compression tests for highly structured clays under confining pressures of 24.0 kPa and 97.2 kPa. These clays were sampled at almost the same point and time as clay CD in Fig. 4 . The samples were isotropically consolidated up to the designated stresses after being set up in the triaxial apparatus. As shown in Fig. 5 , clay specimen (a) under 24.0 kPa confining pressure, which is in an overconsolidated state, exhibits typical softening behavior followed by hardening at a higher stress ratio level. This is known as "rewinding" (Tatsuoka and Kohata, 1995). In contrast, specimen (b) . under 97.2 kPa confining pressure exhibits only softening behavior, even at a higher stress ratio level. Material parameters for the clay, i.e., elasto-plastic and evolution parameters are determined using the results of laboratory tests. The critical state constant M is determined from the triaxial tests in Fig. 5 together with the relation (A9) given in APPENDIX A, assuming the anisotropy flo. The swelling index k is determined from the isotropic swelling behavior, and the compression index .1 from the slope of the one-dimensional results for remolded clay. The intercept of the isotropic NCL, N, is chosen so as to make the model response fit the onedimensional compression behavior of fully remolded and normally consolidated clay. Therefore the intercept of the critical state line (CSL), F in the plotting of p' against v is determined by the relation N -F = ln -k) (Asaoka et al., 2002) . On the other hand, the evolution parameters controlling the degradation of the soil skeleton structure are determined by fitting the model response to the one-dimensional compression behaviors of the structured clay samples. At the same time, using the real stress and void ratio and assuming the same anisotropy, gives the initial values for R and R*, corresponding to the reciprocal of overconsolidation and the degree of structure respectively. The principal directions of fib are assumed to be coincident with the axes of the laboratory apparatus. The initial values of R and R* obtained from the oedometer and triaxial tests on the clay are shown in Table 1 and the material parameters obtained are as explained in the next section. These material parameters are used in order to avoid either predicting the timesettlement behavior or conflating the computed results with the actual behavior. Rather, the intention is merely to investigate the mechanism of the delayed consolidation settlement with the increase in pore pressure.
COMPUTED PROGRESSIVE CONSOLIDATION SETTLEMENT Analytical Conditions
This section reports a numerical investigation of delayed settlement with rising pore pressure in a naturally deposited soil, using a soil-water coupled finite deforma- tion computation (Asaoka et al., 1994) . To this end, two soils with different soil structures are assumed in an alluvial clay layer (Ac2 in Fig. 2 ): one highly structured (soil A) and one comparatively less structured (soil B). The details will be supplied later. In the computation, two-dimensional plane strain conditions are assumed, and for the sake of simplicity a half section of the soil in a multi-layered system is analyzed assuming a right-andleft symmetry. Figure 6 shows the finite element array, the boundary conditions of the foundations, and the shape of the embankment. Figure 7 shows the simplified time-load relations used in the computation. The preloading history and additional load increments due to repeated overlays of asphalt are not taken into account. The 10 m high embankment was built over a 144-day period, and the load on it has since been kept constant.
The unit weight of the embankment materials is taken as 20.3 kN /m3. These conditions were fixed taking account of the actual embankment and foundations as shown in Figs. 1 and 2. Tables 2 and 3 display the material parameters and initial conditions used in the computation. Since insufficient information is available for the determination of the material parameters of the sand, it is taken to be of the typical medium dense type with an initial degree of structure, 1 /R(1', of 2. Figure 8 shows the initial distributions of the multi-layered system in the foundation. According to the in-situ specific volume distribution plotted by the circles in the figure, the alluvial clay stratum can be divided into three distinct layers, of which clay 2 has a higher specific volume than the others. This means that clay 2 has the most highly developed structure in the clay stratum. The initial degrees of structure and anisotropy are assumed to be homogeneous. Soil A is distinguished from soil B only by the difference of initial structure in the middle clay layer (clay 2). The initial degrees of soil structure, 1 //?(T , for the highly structured clay (soil A) and the less structured clay (soil B) are taken as 72 and 40, respectively. The axial directions of anisotropy, i.e., the principal directions of flo, are assumed to be the same as those for the initial effective stress. Initial distributions of overconsolidation, 1 /Ro, for the sand and clay are determined by taking account of the gravity force and using the relation given in APPENDIX B. For the definitions and symbols concerning structure, overconsolidation and anisotropy, see APPENDIX A. 
Computed Results
The results of the consolidation computation can now be shown. Figure 11 shows the computed time-settlement curves for soil A and soil B. In the lower graph the curves are plotted on a log time scale to highlight the differences in the settlement patterns. Consolidation settlement for soil A continues about 40 years into the future, while that for soil B continues about 20 years. The consolidation settlement of the more highly structured natural alluvial clay (soil A) does not proceed with anything like the smoothness of a monotonic exponential curve, such as the characteristic for less structured clay (soil B). In soil A, a pattern of abrupt change appears in the rate of settlement, at times including acceleration, which shows a close match to the observed changes in Fig. 1 . Figure 12 shows a comparison of the computed excess pore pressure isochrones under the center of the embankment. Rises in pore pressure in the highly structured clay (soil A), apparent at times when consolidation settlement is in progress, are indicated by the arrows in Fig. 12 (upper). In the lower part, the less structured soil (soil B) does not exhibit any rise in excess pore pressure. Figure 13 shows the contour variations for the degree of structure and excess pore pressure in soil A. Structural decay spreads through the clay foundation in the manner of a progressive failure, as seen in column [1] of Fig. 13 . In this process, the excess pore pressure at the side of the clay 2 layer around the boundary between clay 2 and clay 3 is not dissipated, but rather regenerated as seen in column [2] . This repeated rise and dissipation of pressure continues in the clay 2 layer for about 20 years, which is what makes the settlement curve so jerky. Figure 14 shows the computed pore pressure distributions under the center of the embankment under constant load application. These are very close to the measured ones in Fig. 3 .
The mechanism of the progressive consolidation due to structural decay has next to be examined. Figures 15 and  16 show the overall behavior of the clay elements located at a depth of 13 m under the center of the embankment in soil A and soil B respectively, set out for comparison. The clay element in soil A exhibits a very complex behavior, which is hard to explain because consolidation is a concept that essentially has to be treated as a bound- given that the mean stress can be regarded as almost constant so long as there is no change in the constancy of the applied load, a situation may arise in which excess pore pressure is not only dissipated but also newly generated. This leads directly to a process of delayed consolidation with a rise in excess pore pressure under a constant applied load. In soil B, on the other hand, since none of the clay elements exhibits any such softening along the way, consolidation is accompanied only by a dissipation of excess pore pressure, without any generation. The difference in behavior between the two soils does not end here, however. Once the excess pore water pressure in soil A begins to increase, and since this pressure is continuously distributed through the clay and the dissipation of it proceeds more slowly than the increase due to the low permeability, there will be a corresponding rise in pressure in the clay elements on all adjoining sides, as well as above and below, leading to unloading in these adjoining clay elements. In this kind of way, even if the applied load remains constant, the clay in the soil will be subjected not just to repeated hardening, softening and re-hardening/re-softening, but also to incidental unloading along the way. The resulting stress state is highly complex, and the loading history and effective stress paths are therefore of extreme complexity too, as shown in Fig. 15 . The overall behavior of the element in soil A can be more concretely explained by referring to the time lapse after the embankment's completion and the corresponding degrees of structure, as shown at the bottom of Fig. 15 . After (1) and (3), the clay element undergoes repeated unloading and reloading under the influence of the pore pressure rise in the adjoining elements. This alternation of dissipation and increase in the excess pore pressure gives a repeated loading to the clay element.
Although it takes about 17 years to conclude, this compression behavior in the clay layer can be called "compaction of clay" , because the compression occurs due to the collapse of the soil structure from 1IR* = 54.5 to 11 R* =18.6. From 0 to CD, as a result of the compression, the clay element undergoes softening, leading to a decrease in mean effective stress p' under conditions of Ms < ii < Ma, which is explained in Eq. (Al2). This causes the rise in excess pore pressure and leads to unloading, i.e. compaction, in the adjoining soil elements, taking about 0.3 years. At this stage, a significant decay of soil structure also occurs. From CD to (5) the element reverts to hardening due to compression under the stress conditions tending to bring about a reloading of the adjoining soil elements. From (5) to (6) , this element returns to compaction again due to the influence of the continuing softening in the other elements. Finally, from most of the elements in the clay display simultaneous hardening. As a result, the excess pore pressure in the soil dissipates completely in a final period of about 16 years starting from O. Therefore if we decide to continue applying the name "secondary consolidation" to this type of consolidation under conditions of in the clay layer, we have to at any rate add that secondary consolidation leads up to a primary consolidation state to follow. Since the behavior of the clay elements in soil A is so complex, the final distributions of specific volume (v) and soil structure (1 1 R*) under the center of the embankment are more inhomogeneous than soil B, even though the distributions were initially assumed to be homogeneous (see Fig. 8 ). As a final remark, soil A still retains a higher degree of soil structure at the end of consolidation. This residual structure accounts for the fact that the final amount of settlement in soil A is smaller than that in soil B, as already shown in Fig. 11 . Figure 18 shows the effects of embankment height / weight on the delayed settlement. The soil conditions of soil A, as already given in Table 3 , are used for the computation, and the loading rate is the same. As can readily be appreciated from the earlier remarks, and also from accounts of one-dimensional consolidation in Asaoka (2000b) and Noda et al. (2004) , "delayed compression" is the outcome that occurs when the size of the load on an embankment exceeds a certain threshold value. The gray line in the figure shows a pattern for consolidation settlement in an embankment of height 7 m. Delayed consolidation is not observed when the embankment load is light. A lightweight embankment material such as EPS (polystyrene foam) may therefore be highly effective as a precaution against delayed consolidation. However, in the case of an 8 m embankment, the delayed consolidation continues over 100 years into the future. This is longer than in the case of a 10 m embankment, although the final settlement is smaller. In other words, when the load on an embankment exceeds a certain threshold, the greater the height of the embankment the earlier the delayed consolidation comes to an end. Again, however, it goes without saying that too great a load placed on an embankment will cause destructive slip failures in the foundations during loading, as shown in Fig. 19 .
Effect of Mass Permeability Improvement Using Sand Drains
Soil improvement using sand drains might be an effective way to bring delayed consolidation in a highly structured soil to an earlier end, as seen in Fig. 1 . Figure 20 shows the computed time results, where changes are calculated in the mass permeability of the clay layer on the assumption that the sand drain method is able to improve permeability around 30-300 times in comparison with the original clay, as shown by Asaoka et al. (1995) . In the computation, the higher the permeability, the sooner the settlement comes to an end, and the smaller it becomes. This is because the difference in permeability gives a different stress path. Since the elasto-plastic deformation of soil is very much stress path-dependent, this in turn leads to a difference in deformation. From the results and in-situ observations shown in Fig. 1 , if such factors as preloading, the weight of the asphalt overlays, etc. can be discounted from the discussion, the settlement of the actual clay foundation in embankment A might have a long way still to run before it becomes larger than that in embankment B.
RECREATION OF PRELOADING HISTORY AND ASPHALT OVERLAYS
The computed results so far were obtained from a simplification of the loading history. In Fig. 21 , finally, the actual construction methods at the Kanda site are also considered. In the computation, the initial preloading, unloading and reloading are all taken into account, together with the added asphalt overlay loads, assuming the case of soil A. Although, as it happens, the computed behavior does match the actual measurements closely, there is no necessity for this to be the case.
CONCLUSIONS
In the present paper, the delayed and/or long-term consolidation settlement often observed in multi-layered naturally deposited foundations with highly structured clay layers was simulated. This is a phenomenon which co-occurs with an accelerated rate of settlement and a rise The likely causes of delayed foundation settlement naturally lie in the progressive decay of the highly structured clay. As to the delay with which this happens, this is because the compression resulting from the decay of the soil structure is able to occur without any great increase in effective stress. In some cases where the soil structure of clay is highly developed, compression may occur even when mean effective stress is decreasing. That is, in fact, what "compression accompanied by softening" means. When softening of this kind takes place, since the permeability of clay is very small, the excess pore water pressure shed by the soil pores in the course of compression may well be prevented from dissipating and indeed may even increase during consolidation, due to the decrease in the mean effective stress level. As a result, there is also a notable delay in the dissipation of the pore water pressure, which causes consolidation settlement to persist for a great length of time. In addition, the repetition of this cycle of dissipations and rises in the highly structured clay during the long-term consolidation results in a loading and unloading process under a constant applied load, which can reasonably be called the "compaction of clay".
Some typical characteristics of this delayed settlement behavior were also numerically examined, with respect to the height /weight of the embankment and soil improvement with sand drains. A lightweight embankment construction can prevent delayed consolidation. If the embankment is more heavily constructed, the delayed consolidation may however continue for more than 100 years. If the embankment load is critically heavy, circular slip failure may occur during loading. The improvement of mass permeability using the sand drain method is an effective way of bringing the delayed consolidation to an earlier end. Key formulations for the constitutive model used in the computation are summarized in this section. For details, see Asaoka et al. (2000a Asaoka et al. ( , 2002 .
It is commonly recognized that highly structured soils such as naturally deposited clay or loose sand can have void ratios greater than those possible for the fully remolded soils. Based on this fact, a superloading surface (Asaoka et al., 1998 (Asaoka et al., , 2000a ) is naturally assumed to lie above the Roscoe surface, and this configuration is used to describe the mechanical behavior of structured soils. As the modified Cam-clay model can describe the loading behavior of fully remolded and normally consolidated soil without anisotropy, the superloading surface is assumed to be similar in shape to the Cam-clay yield surface with the origin of the q-p' space as the similarity center, where p' = -trT' /3 is the mean effective stress of the q-p' space q= ,13 /2S. S is the deviator stress, T' is the face is also called the normal-yield surface (Hashiguchi, 1989) . The similarity ratio of the Cam-clay surface to the superloading surface in terms of stresses, denoted by R*, lies between zero and one (0 <R* < 1). When a current Rules for R, R* and fl Prager's consistency condition, i.e. taking the material time-derivative of Eq. (1), determines the size of the subsequent loading surface and requires the fixing of evolution rules for R, R* and /3. In the present study, employing the Euclidian norm of plastic stretching D' and its deviator component DI,), (=DP-1 /3trDP/) for R and R* as the measure of ongoing plastic deformation (Hashiguchi, 1989; Asaoka et al., 2000a Asaoka et al., , 2002 , the evolution rules for sand and clay are given as follows;
Here, different evolution rules for R* are used for sand and clay because these plasticity measurements are able to explain the soil behavior comparatively well. The degradation parameters m and a, b and c for the overconsolidated state and structured state, respectively, are also different for sand and clay. Here a in clay is a dimension value (Eq. (A4)).
The evolution rule for the rotational hardening tensor can be expressed, following Hashiguchi and Chen (1998), as;
Here, jj is Green and Naghdi's (1965) rate of /3, mb is a material constant called the rotational limit surface and determines the rate of evolution of anisotropy. This rule is used for both sand and clay. In this constitutive model, the difference between clay and sand is described in terms of the differences between these degradation/evolution parameters in Eqs. (A2)-(A4) (see Asaoka et al., 2002 (A 10) Here, Ms for structured and overconsolidated soils with induced anisotropy increases /decreases in value with the evolution of both soil structure and overconsolidation and also with the evolution of anisotropy.
On the other hand, the relation if = M2a , as determined from the shape of the loading surfaces shown in Fig. Al with Decrease of Mean Effective Stress due
Decay of Soil Structure It is seen from Eqs. (A7) or (A8) that when the overconsolidation ratio is higher (R is smaller), M, has a greater value, and as overconsolidation is lost, Ms tends to decrease. On the other hand, when the structure is higher (R* is smaller), Ms has a smaller value, and as the structure decays, Ms tends to increase.
Firstly we will look at the example of a clay which is already initially in a heavily overconsolidated state. Even assuming a starting state in which Ms > Ma, considering that the loss of overconsolidation in clay generally proceeds faster than the degradation of structure, Ms will decrease as a result of the plastic deformation process accompanying the loading until it eventually becomes smaller than Ma, arriving at the kind of stress state where; (Al2)
In this state, as already explained above, there will be an occurrence of softening together with plastic compression. Furthermore, when this state continues for a prolonged time under a low stress ratio, the softening, in some cases, will result in bringing down mean effective stress p' . Figure A2(a) shows the decrease in p' due to softening with structural decay in a clay element under one-dimensional compression, as an example of a model response. The behavior is simulated by using the same material constants and initial conditions for a soil element as in clay2 of soil A in Table 3 in the main text. Furthermore, if the loading continues, the further evolution of the plastic deformation will sooner or later lead to the development of decay in the structure, causing Ms to increase and approach closer to Ma. This means that the state of Ms< rl < Ma in Eq. (Al2) will not last indefinitely, but eventually give way to the relation; (A13) whereupon the soil will revert to hardening. On the other hand, the clay element in Ace in soil B does not show any decrease because hardening (II < Ms) continues throughout as seen in Fig. A2 
in which (B4) considering that, when the effective stress T' is coaxial with the anisotropy fl as in an axisymmetric stress state, Furthermore, when an additional load is uniformly and vertically applied on the surface (z = 0) of the soil, the initial mean effective stress p6 at a depth h is represented as:
where vo(z) denotes the specific volume of the soil with the coefficient of lateral earth pressure Ko at depth z, and are unit weights of soil particle and water, respectively. Consequently, when RC 4K, Co and vo for the given depth are given, the value of Ro can be determined by using Eqs. (B3), (B4) and (B5). Model responses of 1-dimensional compression
